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(54) COMPOSITION FOR FORMING HLM. FORMATION OF RLM AND LOW- DENSITY RLM 
(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a composition for forming a film which is curable at <450° C. provides a film 
having proper uniform thickness, dielectric constant characteristics, water absorption characteristics, excellent 
CMP resistance and a small void size, useful as interlayer dielectrics in a semiconductor element. 
SOLUTION: This composition for forming a film comprises (A) a compound of the formula. R2R3Si(OR1)2, a 
compound of the formula. R2Si(ORl)3 and/or a compound of the formula, Si(0R)4 and a compound of the formula, 
R2sR(R1 0)3-sSi(OR1)3-tR2t (R1 to R3 are each the same or different and a monofiinctional organic group; R is a 
bifunctional organic group: and (s) and (t) are each an integer of 0-1), its hydrolyzate and/or its condensate, (B) a 
(meth)a cry late polymer and (C) at least one solvent selected from the group consisting of an alcohol-based 
solvent, a ketone-based solvent, an amide-based solvent and an ester-based solvent. 
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(54) mm<oi,m] mm^mmif^. m(r>m^&^xxm^&{m 



(57) Kit;] 

im^] 4 5 0 ^Cl^TT-OSEfb RltgT-^ D s ff ^) 



CP^©] (A) R^R'Si (OR')... R' 
Si (OR') ii3j:U^/Sfc<iSi (OR')i.)& 
^>tJ^fc:R'.( R'0)i-.SiRSi (0R% R' 
, (R'-RlilRl--esfe)^?5:-oTi^r*»J:<. ^ti^ 
ttliiOWS^ Ra:2(icDW*SS$:^U siSctU^t 

y^^m^^^v/^rcitzt^.^com^. (b) (p< 
^) 3S:f»t/ic: (c) 



(2) 



i^2 0 0 1— 2 9 



mm 1 ] (A) (A-i ) Tia-^^ ( i ) t-^ 
^ti^it^. t^jixf/^rdt (A— 2) Tia-^^ 

(2) -^m^ti^ihB^. ^^Tf/^rz\± (A-3) T 
ISH^ (3) rm^ti^it^s tj:C,xf\z. (A— 
4) TIB-^ (4) •e^^tii)fb^^ -e®AlKK^ 

R'R'Si (OR') . (1) 

R'Si (OR') I (2) 

Si (OR') . (3) 

R* , (R^ O),., SI RSI (OR»),-» R» , 
(4) 

(R' -R ^i^5I--esfe,^3S:oTv^T^fect <. -ett^-n 

(B) T;i/n:^i/£/U;i/^^Wf^5i^:^;i/M^^y 
v-*o. 1-1 o^;i/%Mf^vv-^s-&bT=&s 

[^^2] (A) ^i^UTk^^m^^ici^ 
(A— 4) / { C (A— 1) . 

(A-2) ^JiXr/^tci^i (A— 3) ) + (A— 4) } 
AS5-5 0M%T-$)!9 {tztzL. C (A— 1) . (A 
—2) *5^tJ^/^/iii (A— 3) 3 + (A— 4) = 1 0 
Omm%} . (A— 1) < (A— 2) . (A— 

3) < (A— 2) x-^^m^im^(om^^mi 

m^3] (B) T^VU—hWM^mD 

i^^/^7^-^-*^9- 1 3T-$)§^^iiiBie6Dfli 
umm^'i (B) (p^^^') T'^yi^-h^fi^ 

«^ ^ ^ 'J i^- b ^ 5 0 ^;p%J^::i±^c h ^^ft 

im^ 5 ] a^jf 1 - 4 1 j^s3ig®MM 
mm 6 ] mm 1-^41 >-r^i*^ 1 jmm(Dm^ 

ffiffiJ^-^StSJc^U (B) ^^^ia^^© 

mm 7 ] mm 1-41 ^r^>!)- 1 JitBigcDiMM 

fflJlfiS;t?^*^fc:^U (B) fiS;^^iagW±© 

8 ] mm 5-71 ^-rtl^ 1 ^MtmcomcoB 



[0 00 1] 

utLx. mmmm. cMPiiHi^tc^ 

[0002] 

v± (siOi) mf}^^m^nx\.^^o ^br. iia^ 
x^m-ujsm&im^m^i-^cit^^&oti^x. s 

OG (Spin on Gl as s) mtm^ti^T'h 

ircDi^««fbfc:p^i \ ^«s o G tm^ti^yr^ 

(Dmm&mi^mm^tix^^. i.tzifi-^x. ^^ism 

[0 0 0 31 i^pg^e— I8i20i^4i«c 

mm&mmntLx. x^^srnmmco^mmfm 
mm^mm^i)^m^^thx\.^^<> zcom^mm.^ 
it. igtaKt4^m<^ m^^^y^^iz^tifzim^uco 
mm^m^t^^t^^^ti^x^^. ^<Dmm±. 

it^ttimm^^itXtji:^. ffc^l^^MA^SOOJU 

(omn^it. 3. oi:ii±T$>?)> ^«{bk:tt^5E^T* 

[0004] 

^m^'r^rzi^(om^^mm}i::mu ^^\zmL< 
lis imxmt^mx^^. n^^ti^mmffi. 

^utiz^if^mr^mmtLx. m^^^-tj^m^^ 

[000 5] 

imm^m^t^tzi^co^m ^^Mit. (a) (a— 

1) TiB-^ (1) xm^tt^it^ (J^T r^b^ 
(1) J i:^o^) . :fectt//^fdi: (A— 2) TIB- 
^ (2) X^^ti^^t^ (JiXT r^b^ (2) J i: 
^)l^^) . (A— 3) TtE-m. (3) 



(3) 
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Tf^^ns^b-^ OUT (3) J . 

J5:^.i;ftc. (A-4) TIBH^ (4) 7:^^tihit^ 

^ {vxr '"fb^ (4) J t^^^o) . ^(om^^m^ 

ii^Xf/^Tzlt^m^ (OT-^tt^-n r (A-l) 
r (A-2) m^j r (A-3) r (a- 
4) SS^j ^^t'^^) > 

R'R^Si (OR') . (1) 

R'Si (OR') . (2) 

Si (OR') . (3) 

R» . ( O),-. S 1 RS 1 (OR*),-, R' , 
(4) 

CR'-Ii^if^l~-"e^M^":^Tl^T^)ct<^ ^tt^tt 
0--l<Dmc^^ho tztdb. HK^ (4) JciSV^T. 

(B) T)V:2^z/'y^) 

(C) r;u=i-;p3^^j^. ^^rh^.^.^^ r^K^^JI^ 

t-^c (A) m^^. 
nx^tz^mom^^. (A— 4) / { c (A— 1) . 

(A— 2) i5ctrf/*fc« (A— 3) 3 + (A— 4) } 
*$5-5 OMM%T^tl {tzfzl.. C (A— 1) . (A 
-2) (A— 3) D + (A— 4) =10 

Omg%} ^ Ti)-^ (A— 1) < (A— 2) . A>0 (A~ 
3) < (A— 2) T^S^i:*W^U^o ^:^c:. (B) 

^^Wf ^ 0 . 1 1 0^;U%i^M'^L/T^ 

»). ;!>*o^S?Jg/^^P«-^— A^9-l 3-C•feS^i:*s^Ff 
^U^c (B) (p^^) 

ii. ^i&i z^^xromum^^ v v^jiv^/^tz 
fiSJ^^^tRC^u (B) j5S;^(^^iag5i^?g<^?§jg[ 

TJdDl^LT (A) ^^^-^it^"^. *V>T±I3 

(B) fi2^^P?agJi^±®^T•itJ^^^^Tt^^l^b^•^ 

[0006] 

Uv-i:bT. (A) fig^ ab^ (1) - (3) s z 
^y^c^?L^^?f^^i-^*^**^t-"^ (B) (p<<5')r^'; 

]y^h^M^'km\ (A) - (B) ^^a)^Ji:U 



X (C) g^i^m^So **<T^ (A) - (C) 

U ^bT. J[nm(cj:t). (B) (p^^^^) T^'Jlz-h 

mm^^ms^xf (O ^^©ijs^sfei:. (a) gg^^m 
m^^'if:^'^>t. {A) ^^ifiii'pT.m^tziiiEJ^m 

^M^?fM1--5a:i:*fc:. (B) (;^<$') T^'Ji^- 
[0007] z. zx. (A) jBK^t:ii5{ts±i3biKKi^ 

±iH (A) i^^^mmr^it^ (1) - 

(4) ct'CDR' 0-^f ^TMa7K^$ttTl^Si^:^ 
(D7l^T-^oT*)J:Vv ^fc. (A) J5£^k:*5(t§± 

H2^^«> (A) mm>t\!;^6^m^<o^^'7^'-')\^mi^ 

I^UTS i— O— S xm^m^Xjfz^O^'-C^^ifis 

[0 0 0 8] ixT. ^m^^m^^^bfy^^ (a) (o 
rooo9i (A) J5S;^ 

(A) 4-6f®©RO-«$:^t*S (A— 

4) J5S;^^i£?^j5£^3'i:bT^U cnc: (A-1) . 

CA— 2) n^xj'/^fzi^ (A— 3) ^mm-t^o 

HJici5V^T. (A— 4) JsS^^^i^SC iiC J; D> 4ttc: 
CMPilit1$d«^$fi:«ci>o ±BBHI9^ (1) - (4) t:: 

^tt-ettlffficD:t^^T-$)i>o c©lil<?)W^i:L 

T<i> rDt:;i/^ 
dW^tu ^ftb<«i^^l-5T$>Ds cttf)© 

(1) - (4) ^Ci^V^T. T'U-^U^^ 

[0 0 10] -USA (1) xm.^ix^^'&mo^^imt 



(4) 
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^7^<^>>>/^>^ i s o— rD:t^:^-^>i/ 

s;— s e c— >^ Y^i/^'yvl^s t e r t 

S/^ X iz—n—ytJ tr;^ — >^ i s o—yti7ti^i^ty 

— n— r D tr;i^i/— s e c— h X i^— n 

— rDb:;i^i^— t ert— c;;— n— 
p^D l^^l^v'— 7 X / ^i:^ 7 >> v'— i s o—yv t: 
^p^' p« h ^>^^ 7 X i/— i s o— r o t:;i/i^i h 

>/--i s 6—7*0 l:r;i^S>^n—7'Di<^^^^^ 
i s o— 7'Dt:;i^-i^— i s o— T'n^t^^i^ 
X 5^— i s o— 7*D tr;i^>?— n— 7" h :^^>^>^ 
X i^— i so— 7*Dfc:;^ — ^i/— s e c— 
X s;— iso— T^ot:;!/— >^t er t— rh^i/J/ 
f^— i s 0—7^0 — 7x7^i^^>^X 

V^i^i^'^y^ ^— n— 7'^;i^S^n— 7-D;t^:^i/'^> 

X n— :^^>'^~>^— n— rb=^i^i^7X i^^n 
— 7'f-;i/— i^s e c —y V i>7 V—r^—yf- 
)V—V—t e r t — 7* h ^i^i^^ i^—n—y^-Jl^ 
tj^y ^ y i;— s e c— T'^;!/^?^ h 

i/^X i^— s ec— 7'^>»l/>^xh=^i^i^7X — s 
e c— T"^;!^ n— 7'D;J<^i>'i^^ X ^>^s e c 
—y^Jl — i?—isO'—yu-!ti^i^i^^>^ e^— sec 
—y^)i^i/—n—y b =^ ^ >s X— s e c^y^ 
sec— T'b^^^i^^X e c— T'^;!/ 

— i/— t er t— T'h^i^i^^V. iy—sec—y^)}/ 
X t e r t—y^)\^V:^ h 
:^'>i/^X S^— t ert— 7'^;i/i^x.h:^S/i/5X 
V—t e r t— T'^v'L' — V—n—yxiif-^i^l^'y >^ 
— t e r i s o— 7'o;t<:^'S/i/^ X 

t e r t — T'f^^l^i^— n— 7^ h 7 >^ 
t e r t— r^;^— S^— s e c— r h^^i^i^^X 
t e r t— T'^;!^^— t e r t— 7'^^i^>'^>^ >^ 
— t er t— 7'^;i^>^^7 3i7+>'>^>, >^7:x— 
f^i^i>7X i^7x:^;u— i^— xh=^^>'>7 

X >57a:^;i^>^— n— 7'D7t<^'>>>7>. 5^7 X— 
i s o— 7*D if^^ i/ i/=7 ^. 7 x riyi^i/— 
n— 7'h:^i^i^7X >^7x:^;i/— >?— sec— 
2/*>7X >?7xr:;b — s;- 1 e r t— T'h^vx^ 
X >?7x^;Ui;7x7:^v>'5>J5:^:6^W^ixi>o 

[0 0 1 1] ^fc. (2) -ea^n^^b^®^ 



ft:«^i:LTttx h^^>i/7X ^^;i/hV 

^5^;i/hU— iso— 7'D;t<:^>'i/5X 

n— rh:^i^i^7X ^^)\^y^)-'S% c—y\^'>'> 

5X ;^^;i/hU— t ert— :rh^i>^>7X 
hU7x7^^i:/^>> h:^^»-^x X 

Vj:h:3^i/$/^X n— rD;J^:^S/ 
i^^X ic^;i/hU— is o— 7'o;}<:^>>S/^X 
;i/h';— n— :?^h^i^i/7X U— s ec— T' 

b^i^i/^X t er t— T'b^^i/S^^ 

X :x:^;i/hy 7x7:i|r>>>^^X n— 7*0 h U ^ 
b:^i/S^^X n— rDt:;i/bU:iib:^i/i^5X n— 

roi^;i/h';— n— 7'D;}<^i/S/^x n— rDtr;i/b 
y— i s o— 7'D7}<:^i/S/5 X n— 7*0 t^;i/ b ij— n 

— rh=^^>i^^X n— rDfc:;i/hU— se c— r 
i/i/7X n— 7*ut:;i/h •;— t er t— 7'h^i^->^ 

^ X n— 7^ t;;i/"hU 7x7^^57^$/^ X 1— rot:;!/ 

bU^h^i^S^^X i— rDl^;i/b»Ja:h^>>>>^ 
X i— 7'Db:;i/hy— n— 7*D;K=^i/i/^X i— 7* 

Dt:;i/b i s o— roTt^^i^i^^x i— rn 

hU- n— 7^h=¥i/S<^7X i— rDtr;i/bU— sec 
— rb^i:/S^^X i— 7"nir;i/hU— tert— 
^^i/S^-^X i— 7'Dl^;i/hU7x7:^i/i/^x n— 
r^;i'h ';;^b^'>i^7X n— 7'^;i/b';3ib:^S/i^ 
■^X n— r^^l/hU— n— 7'n:fK^i/^^X n— T' 
5^;vh'>)— iso— 7'D;J^:^i/i/^X n— 7'5^;i/ h V 
— n— rb^'>S/^X n— r^;i/hU— sec— rb 
^^i/^X n— r^;i/hU— t e r t— 
X n— r^;i'h';7x7=^ri^i/7X s e c— 7'^;U 
h';>?< b^'>i^7X sec— 7'^;i^bi;3ib^i^i^ 
^X s e c— U— n— 7'D;fJ:^>>i>^ X 
s e c—y^)\r-Y y — i s o— 7'n;t!:^i^i/7 X s 
ec— 7'^;i^by— n— :^b=^2^i^7X s e c— r 
— hV— sec— 7"h^2^i^7X s e c— T"^;!/ 
— h U— t er t— T'h^i^v'^X sec— T'^;!/— 
bU7x7:^riVi/^X t—y^Ji^YV;<h^i^i^^ 
X t— r^;i/b';xh=^i^$^7X t— 7'^;^^y— 
n— 7'n;tf:^vi>^X t— 7^5^;i/b';— iso— 7*0 
n<^i/i^^>. t—y^)i/hV—n—yV^i^i^^>s 

t—y^)v Y y— s e c—y y ^i^>^ x t— t*^;!/ 
by— t er t— T'h^e/s^^v. t— r5";uhy7x 

7:^>'S;^^>s 7x^;i/b y^ h#i^i^7X 7x:=:;i/ 
h yjib^i^i/i/^X 7xr:;i/by— n— rD;^:^-^/^^ 
^X 7xr:;i/by— is o— 7'D;t^:^^'>i/7X 7x 
^;Uhy— n— 7*b:^^>5>^X 7x-;uhy— sec 
— rh^i/S/^X 7x^;Phy— t ert— T'h^^i/ 
i/^X 7x::i;Uhy7x7:^i/i/5X 3&if©ffe^ 

y> h=^i>^>^x t:-;i/hyxb=^i^S/^x 
7— r^77'Dt;i/hy;^ h+i/i/^x y—TXjy 

nfcr;i/hyxh:i|ri/^7X 7— ^y^>K^^^Dt^>^ 
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[0 0 1 2] ^ t,tc. (3) T-^^nsfb^o 
-T^h-^ — n — T'D^ff^f^f^/^X ■r'h"^ — i 
7^h7— sec— tert— 

[0 0 131 ffc^ (1) - (3) ©^'^> fi^$b< 

n— 7'D3J<=^^X7X 7^h5— iso— rD:^^ 
h=^S^i^^>. 

[0 0 14] ±13-^ (4) (CiJl^T. Rtt> 
to ±iaHiS^ (4) tCi3l^-t> 2e®Wli^ 

^ ai5^l/>^)S:ir*W^tv $?^U<iij^^l- 
TV^T^)J;lV ^Tz. (4) tC^Jl^T. TU-l/ 

[0 0 15] (4) T-^^^xi)fhi^®m<*:^i: 

[0 0 16] 1, 2— e;^ h=^$^^u;i/) 
X 1, 2— e;^ (h xt$^>. i, 

2_tr;^ (hu— n— 7*o:tf:^i/^>»;;u) i, 

2_fc:;;; (hU— i— rn;}^#>>i/»;;i/) x^S'X 1, 
2— tr^ (|..;_n— >^h:^i/i>tj;U) x^x 1, 2 
— tr;^ (hU— sec— 7'h=^i/5^y;i/) ^c^'X 1, 



1, z—MTs (b';r;i/r3^'>i^y;i/) 

[0 0 17] 1— (s^^ h=^$/^f-;p'>»j;i/) — 1— 

— 1— (bU^h^i^i^U;i/) 1— 
(i^— n— rD;tf:^i/p<^;i/S/U;u) — l— (b V— n 
-<rxiif'^^i^i/'^})\d 1— i— T-DTjf:^ 

i^^^;u^>u;i/) — 1— ( h u— i— rD;j<=^i/i/u 
;u) ^^J'X 1— (5^— n— rh=^s/^^;ps/»;;i/) — 

1— ( h U— n— T^h^^/S/U;!/) 1— iV— 

sec— —1— V— sec 

^;i/^'U;i/) —1— (hu- 1— T'f^^s/i/u;!/) 
>^^cDi— (i^T;i/3^->^^;i/$/»;;i/) — i— (b 

[0 0 18] 1— (i^^ h^i^;^^)Vi^*))V) — 2— 
(hV^h^i^^>V)V) JL^>, 1— (S^xh^i>^^ 

— 2— (h';xb:^i/i/»;;i/) x^x i— 

(>?— n— 7"D:t<^$>;^^;Ui/U;i/) —2— (hU— n 
— rD4^^i/i/U;i/) x^X 1— (iy—±—ru^^^ 
—2— (b'j— i— rD7t<^r^>i>u 
x^x 1— (x— n— rh^i^^f^;i/>^';;i/) — 
2— (h U— n— rh^2/i/U;i/) Ji^J'X 1— (i^ 
s e c—yh^i^:<^JVi^V)V) —2— ( h U— s e c 
—yh^i^i^VJU)JL^>s 1— (i^— t— rh=^>-^ 
— 2— (hu— t— 7'b+^>i/V;u) x^ 
>jfeifc[)l— —2— 

[0 0 19] tf>^ (i?^ h^^>;^^)l^i^VM ^^>> 
t:^ (s;^xbar5:/^^>ii/S^y;i/) tr^^ n 

^^>s tr;^ (s^— sec— ^^b^^i/ 
;^^;i/i^';>'i/) \fiy {v—t-'zry^i/:^^)\, 

;><^$^>55l; 1, 2— tr;^ (s^^ h=^^>^f-;i/5/'; 

x^J'X 1, 2— tf>^ (i^xh^^>^^;i/i>U;i/) 
x^X 1, 2— t:;^ (>^— n— rD;K:^i/^^;i/'>V 
x^x 1, 2— e:^ (t^— i— rn;t<:^i/;.«^;i/ 
x^X 1, 2— tf;^ (v— n— y^h^^i^;^^ 

;i/S/U;u)^^x 1, 2— t::;^ (i:;— s e c— r h=^ 
j/p^^;i/i^u;p) jiiJ'X 1, 2— h::^ ($;— t— 

^^>?5:ifol, 2— e;^ (i^r;!/ 

[0 0 2 0] 1, 2— t:;^ (h>;^ h+5>s^u;u) ^> 

-l?X 1, 2— tf>^ (h»jxh:^2/i/ij;i/) ^>HfX 

1, 2— (hu— n— rD:t^:^i/i/»;;u) ^>-t? 

X 1, 2— tf;^ (bU— i— rD;J<:^i/S/U;i/) ^> 
■ex 1, 2— e;:^ (hU— n— yb=\^i/5/U;i/) ^> 
•ifx 1, 2— t:;^ (hu— sec— rh^vv'j;!/) 
^>-ifx 1, 2— (bu-t- yh^s/i/u;i/) ^ 
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>^>. 1, 3— (hV^h^i^i^V)U) ^^-^ 
1, 3— tr>^ (bUxh:^i^£/U;i/) ^>-»f>s 

1, 3— tr>^ (h'j— n— rD;t<^i>>>';;i/) ^>-tf 
X 1, 3— t::^ (hu— i— 7'D;}<=^i/i>g;i/) ^> 
1, 3— (hu— n— rh:^i/^>u;i/) ^> 

-IfX 1, 3— tr;^ (hVsec—rh^i^i^VJl) 

^>'t?x 1, 3— tr;^ (h'j— t— 
^^•tfx 1, 4— hr>^ h^'>^u;i/) ^>-tf 
X 1, 4— (h vj:h=^>i/';;i/) ^>-tf>. 
1, 4— e:^ (by— n— rD;K:^^i>';;i/) ^>-tf 
X 1, 4— (hu— i— rD;t<:^>'>'U;i/) 
Hf>> 1, 4— trj;^ (hu— n— 

Hf>, 1, 4— (hU— sec— rh^^v^v'";;!/) 

^>4f>^ 1, 4— (hu— t— rh^^i/i^y^i/) 

^;^ir^W^^i:A^T-§^o ct^e^o^b^ (4) 
ii> lS$>-5Mli2m:U:^lRl^Jci^L/Tsfe)cfcV^o 
[0 0 2 1] ±gBfb^ (4) ^X'lt. tf;^ h 

>i3i}f(D\^7. Vr;U=?^i^i>U;^) 1, 2 

— (hy;!< h=^i>i:^';;i/) l, 2— ti:;:^ 

(h ijjch:^$/2/i;;i/) ai^>^c^©i, 2— t:;^ 

—1— ^=^i^^•>'>'^) ^^>> i— 

1— (V^)'r)V:2^i/i^^))i^) ^^>; 1— ii^^ 
X 1— — 2— (h'j^h 

u — 2— ( h y »; > ; 

[002 2] tr;:< h:^^^^^;^^^';;^) 

^^>; 1, 2— tf;;< (i^;^ 
xi^x 1, 2— tr;^ (s^jib=^ 
Ji^>55:if®i, 2— hr;^^ 0>*r;i/3 
jkJ^v; 1, 2— tr;^ (hU;^ 

^>-l?X 1, 3— fc^:^ (h i;;^ b+f>i>U;i/) ^ 

>-tfx 1, 3— tr>^ (hyjib^^i/i^y;!/) ^>-tf 
X 1, 4— t:P^ (hU;^ ^v-tfx . 

1, 4— tr;^ (b';x h=^i/>''j;i/) ^>-tf>J5:^'c^)t: 

;u) 1, 2—\^7. (hV;<h^i^i^VJU) x^ 

X 1, 2— tr;^ (hUxh:^i/i>'j;i/) x^v^cifco 
1, 2— tf;^ (hU7';i/r7:^i/S/';;i/) x^x&^^b 

[0 0 2 3] ±iB (A) fi£^^«lfigt-S^b^ ( 1) - 



(4) ^nwk^ m^^-^miz. r'o— 

SS1^;^^)^:^)^ 0. 2 5-3^;UD*S:ffiV^^^^ 

*w^b<> 0. 3-2. S'ejuo^^mz.^ztim 

tit? ^ bl. ^o g^D-r -STKcOMiJjs 0 . 2 5-3 
[0 0 2 4] (A) fig^^SteSf 5Yh^ ( 1 ) - 

(4) ^ijDTk^^ m^^'itmizii. m^^mm^x 

it^. WIS^S. ^ 

[002 5] ^^U- hit^t bT<i. m^it. h 

^x f i— rD:i<:^^ • {t-^^jvt-^ h± 

■feh:^-h)^^X bU— sec— :rh^>>.-=ey 
(7'-fe^;U7''tr b) ^<5^X hV— t— 
•^y (T-^z^Jl/T'^hi'—Y) ^^X s;xh:^-i^. 

tr;:^ h) ^^X S^— n— rni^f 

b) ^^X i— 

X i^s e c— • (r-fe^Jl/THr h 

^:^-^) ^^X ^y— n— rD;J<:^5/ • bU;^ (T 

-b5^;i/r-t? ^^^S'x ^y— i— rD;j<:^S/' • 
h'j;^ (7'-fe^;^7''fe^:^-^) 5^^x ^y— n— r 

— s e c— T'h^^i^ • b'J;^ (T^-^^-JUT-^Vi—V) 

i—h) ^^X T^h^^;^ (T'Hr^^l/T'-bb^-h) 

^<5^x h n— rD:t<=^i/ • (x^;i/r-fe 

^•^y (x^^I/T'-fe hr-feT^b) ^^X hU— s 

X bV— t— l/b^S^-^y (x^;i/7'-bh7'-t?7^— 

h) ^^X f:^— n— rn^t^:^^ . t:;^ (x^;L'7''tr h 

h T'-feT^- h ) 2^— n— r 

(jL^jlyT^ h r-fe^— h ) >> s e c— :/ b 
^i^' t:>^ hT'-bT^— ^^X S^— t 

—rh^i/ ' (x^;i/r-b hT-bT^— h) ^^x 



(7) 



4#§i20 0 1— 2 99 3 



1)7. (x5^;i/r-bhr'fe7=-- sec 
— h) -rh^^;^ (:r:^;i/7'-fe hr-feT^— b) 

T-bbr-t?7^b) ^^x tr;^ 

h) hr>^ (:ii^;u7'-tr b::?'-lr^-h) ^^X bU;^ 

[0 0 2 6] hV^h^i^ '"^^^ Cr-i^f-JVT-^hi— 

l_n_:/|.:3^^ .^y (r'fe^;i'T-feb:^-b) >^;i'=' 
x'i7A. bU— sec— rb=^:>^ •^>' (r-fe^^^y'-fe 

(7'-tr^;i/r'feb:^— b) v^xb^v^- 

rD7tf^->- (r-b5^;pr"feb:^-b) i>^;u3-'i7 
A, i;— i— rD;t<:^i/ • t^;^ (r-t?^;i/r'feb:^~- 
b) i;;un:zii7A. s;— n— :/b^i^- 1^;:^ (r-lr^;i/ 
T'^Vi—Y) i/— s e c— :^b=^i^ • 

tr:;^ (THr^^l^r-b b:^-b) >?— t— 

A. ^yxb^^rv" b'j;^ (7'-tr^;i/r'feb±-b) 

T'trb:^— b) ^y— i— rn^^^i^ • 

bU:^ (r-fe^^l'/'-t? b:^— b) i^;i/3::i'^A> 

n— :rb^5^- bUx^ (r-b^;i/r-feb:^-b) i^^w:::' 

^;i/3-'>A> ^y— t— ^b^i^- bV 
(T-tr^;i/rHrb'^-b) V^)\^zs:^f7h. y'Y'^^T. 

.^7 (ai^;pri2br-b'7"~b) s^;i/3-'^A. b»; 

;ur3:L'i7A. b U— i— ' 'E^' (zc^;i/7'-tr 
Yj^^^^Y) i/)VZi^^h. b 0— n— rb^i^ • ^ 

y (x^^i/r-tr br-tTT^-b) ':^;i/z3-'>A> bU— s 
e c— y b=^2/ • ^^^^ (x^;i/r-t br-feT^- b) 
rjziri7A. b»;— t— T^b^v • (ji^;i/r-febr 
-feT^-b) >?;i/3-'>A. i;xb^v^' tr;:^ (x^;i/r 

-febT-feT^b) i^— n— ro^tf^^i/ • 
tr;< (x^;i/7'-bbr-tr7^-b) e;;L/3:::'i7A. i 
— roTt^^^i/- Ify^ (x^;U7^-tr br-fey"— b) 
jn^A. s^— n-:/b^i^- 1^:^ (x^^I/^-fe br-fe^^ 
-b) s;;m-'>A, s;— sec— rb=^'> • tf:^ 

br-feT^-b) i/;i/3^'i7A. t— :^b^ 



-»i7A. ^ y—n— rD;}<^S/ • b'J;^ (x^;i/T-feb 
T'-feT^— b) >?;i/3X'i7A. ^y— i— • b 

n— >^b^>" bU;^ (x^^^l/T'-bbT'feT"— b) v^^l^ 
3x>^A^ ^y— sec— rb=^i^- (x^;i/r 

-febr-feT^-b) s^;i/='-'i^A. ^y— t— rb=^i^- 

bU>^ (xf-;i/T'tr br-tT^— b) >?;i/r3X'>A> y^b 
^df.;^ (x^;i/r-b br-fe5^— b) ^:;;i/3X'^A. 
(r-fe^^l/T-b b:^— b) b'J:^ (x^;i/T'febr-fe7^ 

-h) s;;urjx»i?As b::^ (r-b^;i/r-fe b:^-b) tr 

(x5^;i/T-t? br-fe5^b) S/Vi/3x.^A. b U:^ 
(y'-ir^;i/7'-lr b:^— b) {x^;i/r-fe YT'^y^— 
Y) i;;i/3X'i7A«cif<3D^;i/3xH7A:¥i/— bfb-^; 
[0 0 2 7] bU;^ (T^-b^^ur-bbi— b) r;i/^x 
^7A. bU;^; (x^;i/:7'-febr"fe7^-b) 7';p^xii7A 
is: if cor ;i/ ^x'i7A=^l^— b ; 'St ^^tf s c ^ 

[002 8] mw^h br «i> ^x.t^^ tr^j- 

;r^^>«> >/:^>^^ y'-^^Wu i^^^m. ^l^ 

^yyb^> r^^b>^> 
2— x^;i/'\:^'t»->^> ;tu>f>i&> ;^7^Ty>^. V 

r^y^S^^ p— b;ux>;<;i/4^>^, ^>-t?>^ 

j^. y^)ms y^>m. ^^>m. mw^^si^^mf 

[0 0 2 9] :t;^i^^bT{i. m^i^. t:v^:^x t: 
u—M if^^>^x eouv^x t:^u>^*x t::3i; 
X bU-^^^^i/T^x b';x^;i/r^x ^yx^j^y 
— ;ur^x >?x^y— ;i/T^x >^^5^;i/^yx<$^y 
— ;i/r^x ^y^5^;i/>^x^y-;i/r^x bUx^ 
i^rife$^^D;r^'7X s^r-tftTi/^ 
oy^x >?Tif t:^"^D':7>^-bx -T^b^^^v'UT' 

5o bT<i. r >^xr. z^<^b:^ 

b y 'i^A. zK^^b* V A^ TK^Ib^''?'; •i' A^ TK^b* 

^ A h'^^lf c: *^T- # 
[0 0 3 0] cn^>^C7)d^> ^^U-b{b'^^ 

^ifsc^^^-e^^o w^hbtfi. ^tc@^. iy:i 

c!):^m^y>'i^fbc[)iSstt7!^{J;>55: < bUo c:nt>0 
^(i. lSfeSi^«2SJ.:LL^|pIB#tc:i^bTsbJ: 



1^200 1—2993 



[0 0 3 1] ±tm^<ommwt. (i) - 

(4) <^)R' 0— T-^^nS^CDljgfil^^l/tcML/Ts 
iiS> 0. 0000 1-0. 05^M itfSU<ttO. 

00 0 0 1-0. 0 i^;ur-^^o 

[0 0 3 2] (A) (1) - (4) ©fil 

0Sfi¥*&^fiT% iiSx 500-300, 00 0. 

$?tb<li> 5 0 0-2 00, 00 0. ^^Jc:j?fiL/< 
ttl, 0 0 0-100, OOO^T^^o 
[0 0 3 3] (A) fig^*© (A— 1) - (A— 

4) <DW}^±. ^^iiUT^'^mm^vimM-Ltz^^^ 

W}^X\ (A-4) / { C (A-1) . (A-2)i3cfc 
(A— 3) D + (A— 4) } AS5-5 0Sg 
i^^L<tt5-4 5SS%. i^lC*fSU<(i:l 0- 
4 5SS%T-^0 {fzTzU C (A— 1) . (A— 2) 

^^xz/^tzit (A— 3) 3 + (A— 4) = 1 0 omm 

%} . (A— 1) < (A— 2) . tf^-O (A— 3) < 
(A--2) T*^i>o ^^DTk^^MI&^JcJ^Lfc^^ 
^mrN (A-4) / { C (A-1) . (A-2) 
^^V^/^tzit (A-3) D + (A--4) } ifiSm&% 

(1) - (3) (DSiOTtmt^ioo%hn^^\^x 

[0 0 3 4] (B) T^^JU-hmm-^ 

[0 0 3 5] r';b3^v>'';;uSh^v:«3;i/S^^ia 
[0 03 6] T';;L/h';^ r^jjuv^)^ 



[0 0 3 7] (3— r^UD^f>rDt:;i/) hU;^b^ 

i/$/^>. (3— 7'^»;D^r5/rDhr;u) bv^ib^^i/ 

(3— 7'^'>ln=^i/rDt:;i/) bUrD7t^:^^> 
^>7X (3— 7'^'jn:^^>7'De;i') h>;:^b=^C/i^ 
^ ( 3— »; D ^^i^rn b^;i/) ^ v 
i/^X (3— r^';D^>>rDl^;i/) ^^;i/>?ji:f3^ 
i/$/7>. (3— y'^'jn^^i/rDl^;!/) i^^^^Mb 
+s^i^^>. (3— T'^UD^^i/T'Dtr;!/) 
h=^>>'^>3&if(D (3— r^Uo^^i^roi^;!/) t';!/ 

[0 0 3 8] bU^h^^S/v^ 

b>Jp« (2— p^^J'^Un^^'i:/:!! 
hi;j:b:^e/*>5>> (2— ^^^Un:^S/Ji^ 
hurn3K:^^->7>. (2— p<^5^^';D:^i/3i^ 
;u) hurh^i>i/^>. (2— ^^<>yD:^v/ic^ 
h^i^i^7>. (2— p<^<>';o:^i/ai 
^^;i/i^Jih^i:^i/^>. (2— vd^^s^ 
h^i/i>^>> (2— ^^^UD^ 

[003 9] (3— ;^^>>UD:^>'rDbr;i/) hU^ h 

^i^iy'^>. (3— ^^$'^Un:^i/rDt:;i/) bujch 
(3— p«^$'>>';n:^^'rDe;i/) b'jro 
(3— ;<i$^^UD:^^>rDt:;i/) bvr 

h^i>i>'^>. (3— ^^^Un^i/rnt:;!/) ^ 

;u) >';^^;M h^S>^>5X (3— ^^^UD^S/r 

[0 0 4 0] hV^ b^^vi/^Vs 



i|#gi200 1—2 99 3 



[0 0 4 1] Ctt'^^'^'CN t:-;i/hUp< h=^i>v7 

:^S/7'Dt:;i/) ^=^i^S^^>^ (3— r^UD:^ 

(2— p<^^>;n:^>'aif-;i/) b 
U^h^$^i^7>. (2— ^>$'^Uo:^^>Jc^;i/) bU 

^b^i^S^^X i3—^^^Vu:^iyy'u}^j\y) bV 
xb^S^^7>. bU^b^i^i^^ 

1 0 0 4 2 ] 7^ >;;i/^3i;^7^)l/©:^{*:«?5i: UTa:> 
^;i/T47»;i'-bx b. n— rni^;!/ 

iso—rotr^l/r^Ul/— b> n—y 
iso—y^Jl^T^Vly—h. se 

c— U U- b s t e r—y^jvr^ V 

b^ r^;^T^Ul/-~b^ ^^i^j\^T^viy--Y. 

j.^ r^^/^l/T^yw— bs K7^^>;W7^V^— 

— bx ::r^^7^i:^>'l/7'^y l/— b^ i^^U^^i/JUT^ 
2—x,^)l^^i^^\/T^VU-rh. 2— hb* 

D:^^>:ii^;U7'^U^— b^ >^Ji^l/>^V^— >'^7'^ 

a-ji^T^Vly-Vs ^ b=^^>3K';^^U><?^U:3-;i/ 
T^^JU—V. 2— ci:b^v^^>'^^<^'>'l/— ^^ ^^ 
:^i/i;3:^l/>^'jr?— b> ib^i^4<V 

x5^u>i5^»;n-;i'r^uu-b. 2— tKD:^i/rD 
t;L/r^Ui/— b^ >^rDt:i/>^U3— ;ur^'Ji/— 
b, Tt^UT'Di^uv^un— b> 2—^ b 
:i^i/rDt:;i/r^vu-b> ;^ b+i^f^T-Dtruv^/'; 

?vT^vu-hs 2— a:b^>^7'Dfcr;i/r^';u-b. 
xb^i^i/*7'Difu>^»j3— b. xb=^ 

^ijl^^Y^ 7x-;i/:^;i/tf b— Vl^— bs ^x 

;i/7:i:x;i/r^ »; b^ y x;i/7 j:-;i/:t?;i/t: b— ;u 
T'^iju-b. 2— i:^;^^>'^:?'5;>'x^;^r^';^- 
b, 2— i^x5'>ii/T^yxf';ur^UU— bs n— ex 

i^^Y^ 7^b7bKo7;i/7y;i/7'^';i/-b. ^v^K 
;^x;l/T<5^U^-b^ u-b^if®^ 
yr^yiz-b^; 

[0 04 3] x^u^^^'Un— b, yx 



^u></y=T-;ux7'^uu-b> ;tf;x^u>^';n 
-vii/f^y^yu-bs 1, 3— 

^UU-b. 1, 4—r^U>^V:J-)\^i^TPVU- 
b> :^;^^>^;i/>yU3'-;i/$;7'^Ul'— b> 1, 6 — 

^^1^>^y3-;l/>?r^•;lx'-b> 2, 2— tr^ (4 
2— tfy^ (4— r^y D:^'>s;xb*s/7j:x;i/) rn 

;vytj:}fcDi^T^V\y-hm; b y ^^D-;i/x^ > b 

y/'^yu— b> by;^5^o— ;i/rD/i>by7'<>y^ 

-b> ^>^xy;:^y V—)l^hVT^VU—hi^if(Oh 
y y ; ^><$^xy >^ y h—JUr- b 7r>J^ y 

I/- b ifOy" b y b]^ ; ^A^^f 

[0 0 4 4] ^<$'^y;i/^x;;^^;K:Dmi*:0!li:L-rtts 

^5^;M^^y i^— b. x^;M^^yix— b^ n— r 
Dt:;M^^yi'"-b> iso— rDt:;M^^yi^- 

b. n— r^^/'l'P^^^y 1^— b> iso— 
yu— b> sec— :r5^;M^^y^— bx ter— :^ 
5=-;M^^y^'-b> T5:;M^^yu— b> ^=^r$/;i/ 
p{^<>yi/— b. ^r^;M<$'<>y u—b. 
^^yix— b^ yx;i/;»<^^y ix— bs 7^s^;M^^y 

b> Yv'i^Ji^A^^VU—h. 7^b77^S/;M^^ 

yb— b> ^^i^7='$^;Mr$'^y u— bs 

^^<^yu— b^ S/^n^^>>;i/.?<^'^y l^--bs 2— 
3L^)V^^i^)\^;^^^^)V—Y. 2— bbD:^i/x^;i/ 
^^>>yu— b^ S^x^i/V^yzi— ;M<5^^y 

>}<yai^i/><7yn— ;M^^y u— bx 2— ^ b 
dp^>x^;i/y^<j7y I/— b^ ;^ b^i^^vx^uv^y^ 
-;p><^^yu-bx ;^ b=^5^5Ky^'^u>^V3-;b 
y^^J^yu— bs 2— xb=^^>x^;M<$'^y I/— bs 
xb=^>'>^x^W>^yr7— ^M^iJ'y b. xb^ 
i/:}^yji^u>^yz7— ;i/^^^y ix— b> 2— tKn 
^s/rDt:;i/y<$^<>y u— b> i/rnt^i/v^yn— ;i/ 
p<^<^yi/— b^ 4<y:7'Dei/>^yn— ;M^^y 

— b> 2— y b^i^:7'Dt:;Mi$'^y bs ^b^i> 
i^rotruv^yn-^MiJ^^j^y i^-bx ^b=^'>:?t<y 
rDtru>^yn— ;M<$'^y I/— b. 2— xb^s>r 
Dt:;M^<^y b^ xb=^i^i^rDtn/>^yrj- 
;M^$'^yu-b> xb=3|rS^7}<yrni:fu>^yr7-;i/ 
^^^yu— b. ^Vi^v'l/^^J'^y l^— bx 7aix;i/:^j 
;i/ tf b ^ y u— b ^ x;i/7 31 x;i/p< ^ ^ y u 

— b^ yx;i/7aix;i/?b;i/tfb— ;M^^yb-b. 2 
— Sx^^;i/r^yx^;M^^y b^ 2— 2;x^;i/ 
T'^yai^^^M^^y b. i^^/^D'OT'x;!/:^^^ 
i/x^;M<$^^yu-b^ 7"b7bbn7;i/7y;M^ 
^yix-b. >r V7t?;i/x;M^$'^yb-b. i^yi/2^;u 

;^>$7<^y b—b^&ifo^y^^^y b!li; 
[0 0 4 5] x5^U><7yn— v'l'S^^^^^J'^y U—b. 

x^ix>^y3— ^ui^^^^yb— b. ;t^yx^w>^ 



(10) 



4^2 0 0 1—2 9 



1, 4— y^ix>^U3-;us^p<i$'^yu-h. ;^ 

1^>^';3-;^>;^^^u^-^x 2, 2— trx (4— 
^^^';^:i|r$/^^x^:^i/7x-;l/) rn/^>3&^(?)i:^ 

tt. ia^fc{i2at(±^fRlB$i::0lffiLT*<*:v^o 
[0 0 4 6] 5^^J{ci5i>T. 7';i/n:^>>>/i;;i/S^^ 

5^'^*^1-^^^>''^-J^> 0. 1-10 

< . 10 ^ ;u%^^Sx. i):^iJ!jn:?K:$9^Zfczm5^^ 

[0 0 4 7 J ^^(om^^mtmizis\.^x. (b) 

(0 0 4 8] :^!:^Bg^c:^ba^T> (^^J^) T^UU— 

m> >^^^vjvmu^<D^imtt)i^^->ms n, n— v 

[0 0 4 9] s^^Jtjfcl^r. (^^) 

®^^to'^<';>^^l->t^^s^i^^s^i^ 1, 0 00 

-2 00, 000. iFF$L<ttl, 000-50, 00 
OT-feSo 

[0 0 5 0] ^Ac. ^^JltiBl^T. (J^^) T^VU 

*®^'9'^XM^$V> {<10nmx BJH?£) 
[0 0 5 1] (B) (j^^) T^Vly-hW^m 

^ tzii^ ^^yu-h^so ^)u%i:i±^ z t i)^^^ 

U^o (B) U^) y^^)\y-h^M^tLX. Z 



[0 0 5 2] (B) (^^J^) r<!^yi/--h^s^<^>ffi 

fflSii. (A) fig^ (^jtJOTlc^^^^^^^^) 1 0 0 
ffia^[Pfc:^U l-8 0gfigPs $f^l/<«5- 

6 5Sfign-^^o llfflSl55f^?«-t?ttx ^^^rWS 

^*^/jN^<. 8 0Sfflgp«:je^i»i:. mfi^^ 

[0053] jCCI^ 
*:%B^©1^5fiEfflifflJ«i^ii. (A) fiE^*>J:tf (B) 
(^^s^) r^'jix-h^S^^. (C) 

mi£tirzii^^< ti> ia©ig^itc^$fea:^bT^ 

oi^y— n— royv— ;i/> i— roy^y— ;k n 
— r^y— i— r-^^y— ;k sec— m 
t— T'^y— ;k ^v^s^y— i— 
M 2— /^;i/:/^>'— M sec—^>^y^—M t 
— 3— p< h^'>:r^y-;w n— --=^if 
y— ;k 2— j'^^^i^'^v^y— M sec — ^^ify— 
;k 2— ;k sec — ;k ^ 
y^y—jir-s, n— j^r^^y— 2— x^;i/^:^-tf 

M sec— ;i/> n— ^ xypy';!/!!— 

;k 2, 6— >^^^;v^r^>'— >'l^4^ n-^ijy— 

;k sec-— ^>7^i^;p7';^33— ;k h 

T'^pn— ;k s e c — h ^T^i^;!/^;!/^— sec 

;i/s ^^;i/i/^D^:^ify— ;k 3, 3, 5— 

[0 0 5 4] x^uv^yn— ;k 1, 2— rDl^u> 
1, 3— r^u>^U3— M ^>^>2; 
;i^2, 4. 2— ^^;i/^>^>^:^;^->'i^2, 
4. ^:^1^>5^;t— ;i^2, 5s ^r^>5^;^— 
2, 4> 2— x^;i/^^if>>^;r— 1, 3. >^x^ 

[0 0 5 5] x^uv^yn— 

x^u>^yn--;i/^y^^^;i/x— 

L/>^yn— ;i/^y— 2— x^;i/r5^;i/x— 
^ix>^yn— ;i/^y;^^;i/x— s/x^uv^^^y 



(11) 



1#§I2 0 0 1—2 9 



D t: u V ^ u 3 — y if c^>f'{i7' 

[0 0 5 6] ;l/CDp*3^ ro/v— 

;k i— ro/v— ;k n— r^^^^'— i— :/^>'— 
;k sec— 3/^5' >'-M t— y^iJ'y-;^ n--^>^ 

n-^=^-!fy-;K 2— 
;k sec-^=^1f>'->K 2— Jt^^i^i/^J^y-^K r 

[0 0 5 7] ^b>^^^UT(i. r-tbx 
n— r^;u^hx i^j^^Ji^v>. 

X 2-^=^1^ n^^-t^-y X 2, 4 

X 7a:>^3X JfeifOffes r-fe^^UrHr h X 2, 
4_^df.^>^:;j;tX 2, 4^r^>f^;tx 3, 5 
-^rt$'>>'*:tX 2, 4'-:!^^^>i^^>. 3, 5— 
;t^^$'>^:?;rx 2, 4— y:^>2^:tX 3, 5— 

>':;7r>. 5— 2, 4-^^'t^>v^^x 2, 

2, 6, 6— 7^b7/5^;i^3, 5— ^7-<$^>v:?r>> 
1, 1, 1, 5, 5, 5--v:^1^:7;i/;i-D-2, 4--v 

[0 0 5 8] i?'^ K^^i:bT«. ;^;^Ar^h^ N 

r ^ h\ T-b hTi N-p«5^;i'T-b ^ b\ n, 

N— >?3^5^>'^/'-feb:?'^ N— p<-^;i/:rnfc:;i-> 

N— r-lr^;^^^^^^'>^>^ N— 7'b^;ut^^Vi^ 

[005 9] ^LT.y'Ji^^.^t^t UT<i> 



— ^^uD5^b>> sfiKn— rotTM rot: 
3— S^^2"-x 

^;i/:n— gf^r d tr b >^ U n— >il/^ y x^^Ux 
?IMx^;k ?L^n— ?lMn— 

(c) ^i^i. is$>siNa:2aj.:JU:$s^i/T0wr 

[0 0 6 0] (C) ^^UT. 

[0 0 6 1] ^mmwmm^^\^^ ±^<^ (c) 
^^^w-rs*s^ (A) ^^^mmr^it^ ( 1 ) 
C3) -^mi^^f^^xf/^tzim^t^mi. wm 

[0062] Mismizi^. (A) ^^m^i-^it^ 
(1) - (3) ^mm^'^tzmti^^^A^tzitii^ 
(c) mt^^x^miiytcTk^mmi^h^^iti^^^^^ 
tui-^o :L<Dm. fmi±. mm^^f^it>mu\^xt5\^x 

l^-C*<fcl^o ZCDmDJ^^^tVXi^. M'^s 0-1 
OO^a $f^b<(il 5-9 0'CTfeSo 

^mu\^X^J:\*\ =in>f Kt^2/U:?bi:(±. 0!lx.^^^ B 
mx^^s iiS. :ifi$l^S3!)5 5-3 0m>u. ^ff^U<« 

io-2 0ni/z. m^^mm.ifiio-'4QmA%msL(o 
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1#il2 0 0 1— 2 9 



[0 0 6 4] ou>( V^TJl^li-tLXlt. BMit^X. 

m (*) mcoTjuii^V)\^s2o, IrIi 0 0^ 1112 o 
^J)W r;^^:^v;n 0. |aii 3 2U^i^mfi^ni>o 

[0 0 6 5] fm^.^mm^(Dnm:^m 

(C) ^^'^ (A) fi£^^MJ5£t^<t^ (1) 
- (3) isitf (B) fifi^a-^S^L/T. TK^ri^ij^fe 

[006 6] ^mM<Dm^m(Dmm:^i&co^i^mt lt 

(I) (A) ^^^m^T^it^ (1) (3) . ^xrf 
(C) mmt^^-^cfi^M-Bmi^. Fif^©zK^ijnx.T. iD 
• m^Rf!B^^'oft(Dt>. (B) fig^^ig^L^ 

© (A) J5g^^«^1-S<b^ (1) (3) nXV^ 
(C) ^^;^pf>35:S^^^fc:^ R^^OTk^i^fi^JfeS 

<D%. (B) jBjg^^ig-^L^ ^i::Aa7jc;9^«? • mtmm^ 

® (A) ^^^^^f^Yb^ (1) (3) . (B) 
^^ioctt/f (C) j^^*>e>^i>ri^ic> p;f^®7jc$: 

® (A) fi£^*«l^ri>fb^ (1) (3) . (B) 

J5^ijj;z>* (C) ^^t^ibtSi^m.^\z. F/f^®7}c^ 
ii^fi<j^i»i^{iifMfi«)Jc:^DUT. jditiK^x ^^^^ 

[0 0 6 7] c:a)c^:9{cbTff^t^^:$:^BJc0^tl© 

(C) ^^S^ldcfc-SlWiCctoTfTt^nSc 

[b 0 6 8] :^mMcDfm.'^^m^^xm^B^t^^ 
§0 7^mMcofm.^^m^t^ztt^X'^^m 



*^BJi®li5S;Kiti. 1#tC'>U3>'i?ai;\ SiO: 

[0 0 6 9] zomDmma. mmmtux. imm 
t)T-i?^o. 0 5-1. sjummm. 2^m^X'i±m^ 

0. l--3//m^®^$ffM1-i>Ci:As-C§^o ff^ 
l^'r^m^(^m^i±. iim^ 0. 2-2 0AimT-^i>o 

<D±iB (B) i5^6?>^zg^5t^?S©i§mT-lJl^bT . 

(A) fiKt9^^-gl5®^b^•B-^ *V^-e±IB (B) fiK^^ 

[0 0 7 0] ^;^c^ ±tE<D (A) ^^mt^t 

(B) fiS^^Pi^^S'jmil-Sfea?)^ i^^td^tiDT. 

gjse«jtcii[^bfct). ^> ^ ^> 

H^^iiJ/^r ^ ztifix^^o mm. ( B ) m.^^ 

2 0 0'-4 5 0"C. »^b<ti2 0 0'- 
3 5 O-CT^SOT-^ ^{i®f|fi^Cttc:<?)ig^:il±{:: 

[0 0 7 1] z<Dj:oi^\^xm^ti^^^M0i&mm.it 
mi±. mm^i)K mm. 0 . 35-1. 2 g/c a. 

$?^L<{iO. 4-1. Ig/cih. $^Jc$f^b< 
<iO. 5-1. Og/crfiT-feSo 0. 3 5g/cm 

'^^T-ii. ^M©«&^J^7b5(£TU -;^> 1. 2 

(B) fi£t^^WSfc:J:t)x tA^T-^ 
[ 0 0 7 2 ] $ 4>tC. :*:^Bjcr)i£S^ii[^b^(i. B J H?£ 

^tir. mm^^(Dmm^m!mntLxtij^i.\.^o 
z(D^^(Dmif}u±. ^nmic^if^ (B) 

[0 0 7 3] *^»tc^ ^^BMcoi&mmmit. ^R^m^ 
m^^^zmi^mu tzt^it. mm^ 1 2 7-a 2. 
5atm. ioo%RH. coim^^imrmmLtzm 

i>fli?f^ffi$ifi£^4'<3D (A— 4) fi£^^WS^5fC^BJ 



(13) 



4^2 0 0 1— 2 9 



[0 0 7 4] y^mm(Dis.mm^mff^m^iA. 
mmmx'^^. MS. 2. 6-1. 2. »^b<ii 

2. S'-l. 2. ^f>C^tL/<ii2. 4-1. 2T-$) 
(B) ^^^^mi^^^^^t^^iti^'^^^o 

[007 5] >^%BM(Dmmsms fmt^^^tu m 

^M®eticMni>^i:*>6»^ LSI. i/J^T^ALSI, 
DRAM. SDRAM. RDRAM. D— RDRAM^fe 

[007 6] 

[0 0 7 7] mimi 

(B) (^^) V 1^- b^^f*^P^ ; ^ffl 1 0 

0mi®7^;^ntc. -rvr^;M^<^ui/— M 8. 
u-M. 68g. rytf;x^vr^ozihu;i/ (ai 

BN) 0. 3 3g. 2— ^;L^:^rh:c^y-;i'0. 2 0 
gi5 Jil/^ro t:u >^ U ^ ^^^^-^^^^ 3 0 

8 0'€^Z);^-^';^>'^';^t';[I[^L^di*^^. 7B$^^^f^i: 
0 0. mfi¥*S^fi**9, OOOT-^-^jfco ^tz. s 

[0 0 7 8] mm0^2 

(B) (^>$^) r>:^vu-b5^^*J^>s^;±5ais!3i 

^llci5lNT. ^vr^;M^<>'Jb-M 8. 3 2g 

8. 3 2g^mv>feffeiiiRi»<^>*if^^tTi>tt«S3&'t^V 

-^A^ff ^thtzo G P C T-tK U ;^ ^ 1/ >^<^)¥i^ 
^m^^l^f-Siix ^¥i^^a*^8, 4 0 0. SM¥ 

^^ftdus, looT-fe-^feo ^3t. spm<Dnfw 

filttlO. 8T-fe-s>fco 
[0 0 7 9] I^ii0^3 

(B) U'^f) y^vi^-h^M^^i^wmiiiiEJ^ 

^gitCliSUT. >fV>^5^;M^^'JL--M 8. 3 2g 

:g:ffll^t'^^2— t KD:^i>'rDt:;M^<>UU~b 1 

8. 3 2g^fflofeffe^il^»^^>^if^^^TV^*5^^^';^ 

-^?Wf#'^>ttfco GPCT-;t!'J;^^b>ife^C!)^i^ 

^m^m^t^t. »¥^^SA^5, 0 0 0. ms^ 

Kj^^fiAsg, 6 0 0T-fe-:?;to ^fc. SPfilOttMi 

lii 2. et-feo/io 



[0080] mmmi 

h=^'>i^^>2 4 3. 6g (^±ft[tdc^ 
12 0. og) . 1, 2— tr;^ (h'J^b 
j^^>2 14. 5g (^±ii[KK^«ll6^ 
80. Og) > mmmitm(o (b) ^2 e 

9. 2g (Sff^^^WS: 4 0%) . rntrux/'Jn 
— ;i/^/7'nt:;i/i— 7^;i/5 5 9. 3g. p«^;i^n— 

^>^;i/'5^b>2 3 9. 7g©^g-&^tC. VU-fV^ 
1. Og (WJ^/SiOR' =0. 0 0 1 mo lit) ^ 
7JCI57. 7g (H. 0/SiOR' = l. Omol 
J±) t:^ipLfe7K^*^ia-^l^**»tTi^bfeo 

M-^COWTfl^T^. ^ 6 0 "CT- 2 -^yc 

©Tb. mErfx±mim 1,000 st^^^xm^ 
u @ff$^ws2o%0j!i^«jisi5»^*ff;rco 

?£tcJ;??^U :;^4»8O*C'e5:0^. ^^V^T-M^T 
2 0 0''C"??5^K)b[l^bfcOt>. $it>t:||^T3 4b 
"C. 3 6 0°C. 3 8 0°CCD)lT*^ti^tt3 0^roiD 
^L. ^ t:K^4 2 5 "C-C 1 B^K/ID^U m&M^ 
CD^^^^Vtzo ^^H; m^thtzmi. rtdff>ti5\) 

mmLtzo ^^^^it^^t-o 
1. ^is^^^i 

*:^BJJC*3{t SJ^^fiRffiJffi^» 8 0ml 100m 

icDr^^y^^iaDDHtcAn-C^I^U 4 0"C;t-b<> 

1 ^RmmvTzo sigiu^®it>r;i/^ 2 5 

OOrpmS I#a)>^l^>3-MSIH^T*^U ±IB^ 
»1 lfHm©;^?£T-^Ufc0^Sii?^^^:J^t1- 
(Rudolph TechnologiesttSJi. S 
pectraLaser20 0) iCTtl^U ^<D^it 

iiDP) /mmm<D'V>rj\^ommi x 1 0 0} 

O:8^^b^<10% 
[0 0 8 2] 2. 

->^m^^'^wmmm^mv->yju^f^^i^rzo 
>y;\y^mmL 1 0 0 kH z<Dmma:s . to.— 

by h/^ry*- K ») SS1> HP 1 6 4 5 1 Bmil:*3J: 

OTP4 2 84 Arui/V3>LCR^— ^^ffiV>TC 

[0083] 3. 

&ti^c,nihi,tzo 
4. mi^^ 

m^thrzmim(Dmi^^^^ coulter^^ o 

MNISORP 100/360 SERIES^ffiV^ 



(14) 



iH»l2 0 0 1— 2 99 



O: 1 OnmiU±^DWL;?)^iSi?)^ti^v^o 
X : 1 0 nmi:i±(Dmii^misb^ti^o 
[0 084] 5. 5^^^^ 

6. iSfeKt* 

n^tirz^^l2 7''C. 2, Satin. 10 0%R 

bT. 3 , 5 0 0c m WafiOH, 0\Zfmi'^mi^(0 
O : mUML 

[008 5] 7. CMPS^t^ 

MiflE:^? : 30 0g/cm* 
6 0# 

[0086] 11^2 

1 fcr^5i ( B ) ^iS^i: {.xmmm 2 \ztm<v 

mm 1 fc::fel>T> (B) JSS;^^ btiSli^fi?!! 3 iZtm<D 

mmm)^mmbrzo ^^mizTr-To 
[0087] mm4: 

h^vi/i'^>5 0. 7g (^±»n7K^llS^ 
m%n:20. Og) . h^i>^^^>l 6 

2. 4g (^jbn^K^iPlKS^^: 8 0. 0 g) . >^ 
;^^;i/>^;^ h^i>i^^>3 2. 4g (^^DzfC:©^?^ 
i^^: 2 0. Og) . 1, 2—\f7. (h^J^^h^'yi^ 

^^>2 3o. 5g (^twk^m^-^^n : 

80. Og) . ^mitmo (B) fiS^l 6 6. 7g 

mm^^^m: 40%) . rDhfu>>/y3-;u^y 

1. Ig (^/SiOR'=0. 0 0 Imolib) * 
7KI 7 1. 3g (H»0/SiOR' = l. Omol 

it) {c^A^l>fczK^^^T^T^lP^^A^ttT?rFL:to 
^^C!)?em7'#. ^ 6 0 'CT- 2 8#F^^^^ -ti-;^c 

©t). wiBrx^mi&iy ooogti^^h^xim 

[0 0 8 8] ff f,n;^c«ifig^^8^>^>^';3>•>Jl/^ 



^ i>:oT-^T2 0 0'CT-5^H3!)[^b:^c<^)t>. 
icS^T'r-3 4 0''C. 3 6 0U 3 8 0''CCD|iT^tv-€' 
tt3 O^Hrojbtg^U ^t,{cm^4 2 5'C-eiNFH 

[0 0 8 9] sias«?y5 

T^h^^ h=^i>^S^7>l 0 1. 3g (^^IKfcd*#^ 
4 0. Og) . ^^;i/bUp< h^>i^^>2 
0 3. Og (^±bU7i^^m^^m^: 10 0. 0 
g) . 1, 2— tf::^ (h»;xb:^i/^>ij;i/) a:^>16 
0. 9g (^^07K^^^^»^ : 6 0. 0 g) . 

mm iiatEco (B) fiS^i 6 6. 7 g (m^^^mm 

4 0%) . 7'otU>'i?'';rr— ^l/^yrDt;!/^:— T^;!' 
7 8 3. 2g. >5— i— rD7t^:^i/ • If;:^ (oi^^Uy'-fe 
hr-fef^-h) 7g (i^?/SiOR' = 

0. 0 0 4molJt) Oil-^^J^. tKI 7 7. 5g 
{HiO/SiOR' = l. OmoiJt) ^eo'x:j)m 

TxmmMfrmrFLrzom^<DmrmT^. 

0 0 . 0 g^JODx.. -^^JC^^x MBET^^?aft 1,00 

im/&o^mzo 

[0090] m^tltzmmo^ 8 -<>^-> U 3 >^:s:./\ 

±{::>^l^>z7-h^icJ:D^U ;^4'8 0'CT5^ 

p^. ^h^xmmT2 0 o'^cx^^mmi^tzO'^. 

C^^T- 3 4 O^a 3 6 O'C 3 8 0 WIP"C-€-tt-?' 

^3 o^s-rarr^Affiiftu ^^ic^^T4 2 5-c-emH 

mmmitmmizmmLrzc j^h^^ijc^-To 

[009 1] Jt«^l 

^0yi{r:fcv^T. mmniztmcD (b) ^^^^ 

^izm^LmmL^x. m^msSLLtzo n^thtzm(Dn 
m^. msmi t^i^Lx^if-otzo ^m^miiz^ 

[009 2]i±;^2 

p<^;i/b';p«h=^i^i^^>4 0 5. 9g (^^DtK^ 

1®^^^: 2 0 0. Og) . s^ii^nieigo (b) 

^2 14. 3g mm^^^m: 40%) . 

y J > ^;i/x.— 7=-;u 7 9 9. o g oywi^^^ 

vi/>f>^l. Og (^^^SiOR'=0. 00 
Imoltb) ^7K16 1. Ig (H:0/SiOR' = 
1 . 0 m o 1 It) t Li^TkS^ft^^lST- 1 B#H*^tt 

Tt^T U;to r^^O?rFi^T^> ^ t> (C 6 0 "CT- 2 B$ 

^m^'^fz(j:>%s mE.'Tx±mmm.\ , o o o g ii^s: 
^^T-zii^u wsm^M^2o%(om^^^m'^ 
mtzo m^nrzmmt:s^>^i^v:3>oj^^^±\z7. 

^^xmmT 20 0 vx 5 ^mm Lrz(ot>. ^ ^ izm^ 

T7?3 4 0'a 3 6 0"a 3 S O^'CiDl^X^ti^tlS 0 



(15) 



1*112 0 0 1—2 9 



mm 1 ^mtiicMB uzo 1 tc^-To 

[0093] imM3 



2 0,000) ^ffiffll-^tWi. mM^lt^lzl, 
[0 0 9 4] 

mi] 



I 1 1 

I I1I2I3I4I5I1I2I3 

1 — I — I — I — I — I — I — I — 

jB«««tt 10 10 10 10 10 10 10 10 

1 — I — I — I — I — I — I — I — 

mm* 12.3 12.3 12.2 12.4 12.4 13.0 12.3 1 2.5 

I — I I I I I I I — 

K«K (g/crf) I 1.1 11.1 I 1.0 11.2 11.2 11.7 11.1 11.3 
I — I I I 1 I I I — 

mn^i^ lo lo lo lo lo lo lo IX 
1 — I — I — I — I — I — I — I — 

(GPa) 14.1 14.0 13.8 1 4.9 1 4.3 19.5 11.8 13.8 

I I I I I I I I 

lO lO lO lO lO lO lO lO. 

1 I 1 1 I 1 I I 

CMPBtt lO lO lO lO lO lO IX I A 



[009 5] 

[^BjicD^] ^^miz^tut. 4 5 O^Ct^TT-^gWb 



(72)^^# \hm mm 



^^fP4^^Eilife^T@ll€24^ S^:ii-r 

F^— 4J002 BG042 BG052 BG062 B6072 
CD192 CP051 EC036 EC046 
EE036 EE046 EH006 EH036 
EH146 EH156 EL066 EL086 
EP016 EU026 EUD76 EU236 
FD310 GHOO GPOO GQOl 
GQ05 

4J038 CG142 CH032 CH042 CL002 
DL021 DL03] GA15 JC32 
KA06 NA2] PA19 PB09 



